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Mbea  Gcvefaaeat  drasrfngs,  specifications,  or  otscr  data  aro  uses!  for 
a ay  purpose-  otfcar  taaa  in  connection  -itb  a  definitely  related  Government 
procarenent  operation,  the  jilted  States  Govarsnsnt  thereby  incurs  ao 
responsibility  nor  any  obligation  ishatso ever;  and  Hie  fact  that  the  Govern- 
sent  say  have  fozaulated,  fursis bed,  or  in  any  ksv  supplied  the  saiu  draw¬ 
ings,  specifications,  or  other  ear 3,  is  cot  to  fee  regarded  by  implication 
or  otherwise  as  in  any  zsnaer  licensing  holder  or  any  other  person  ai 
corporation,  or  conveying  any  rights  or  pe mission  to  sasofaetare,  use,  or 
sell  any  patented  invention  that  say  is  any  aay  be  related  thereto. 


The  infonsatio/i  farai z'zsd  here wife  is  Bade  available  for  study  upon  the 
understanding  that  the  Govcrcaect*s  proprietary  interests  in  and  relating 
thereto  shall  oot  be  impaired.  It  is  desired  tfeattce  Jfcdge  Allocate  (HCJ) , 
Sright  Air  Development  Center*  Sriofet-Patterson  Air  Force  Base,  Ohio,  be 
promptly  notified  of  any  apparent  conflict  between  the  Government's  pro¬ 
prietary  interests  aad  those  of  others. 
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as  Project  Engineer.  This  report  covers  Item  1  of  the  subject  contract  oj&s . 
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SECTION  .  I 


IWRODOCflQH 


a,  Aw j  lat  Magi  tosUaa  Siiaiisas 

Night  landing  under  dear  fkj  co.adii.iocs  where  the  ruay.ay  lights 
ore  visible  free  the  normal  glide  path  starting  poiat  is  fairly  safe  procedure 
when  performed  by  a  skilled  pilot,  since  ix  has  a  i sir  decree  01  ground  vision 
after  Making  t;i8  approach,  hncer  poor  visibility  conditions,  however,  nignt 
lauding  becomes  increasingly  hazardous  because  oi  the  fact  that  the  runway 
oay  aot  be  seen  until  the  aircraft  is  within  a  few  hundred  feet  of  the  ground. 
The  pilot  nonsally  makes  bis  glide  path  approach  on  instruments  under  such 
condition:?;  and  remains  on  iastrunents  until  the  runway  is  clearly  visible. 

The  hazards  involved  is  such  bsd-weathcr  flying,  as  well  as  the 
operational  costs  and  the  use-  of  already  croudeti  field  facilities,  clearly 
indicate  the  desirability  of  3  night  lauding  simulation  device.  Because  of 
the  relatively  small  number  of  external  visual  stimuli!  required  to  be 
presented,  it  was  felt  that  a  suitable  training  device  could  readily  be  created 
by  the  aitacnoent  of  a  projection  system  to  a  conventional  flight  simulator. 
Furthermore,  since  the  basic  problem  is  Halted  primarily  to  the  approach  and 
landing,  the  equipment  should  be  of  a  somewhat  siaplified  nature  in  comparison 
to  other  visual  projection  systems.  Results  of  a  design  study  program  devoted 
to  solution  of  these  requirements  are  presented  herein. 

b.  s^U*g^.teMU-waa 

* 

Operational  requirements  for  a  rubway  lighting  attachment  Here 
established  by  the  Air  Force  and  presented  in  detail  In  Exhibit  VCL£Q:3*i7, 
"Attachment,  Runway  Lighting,  for  Aircraft  Flight  Simulator".  The  essential 
requirements,  which  tore  used  as  a  basis  for  determination  of  tiie  extent  and 
uirectio.'J  of  inis  study  program,  are  restated  here  as  a  guide  to  the  technical 
discussion  presented  in  subsequent  sections  of  this  report. 

Tne  runway  lighting  attachment  is  intended  to  present  to  the  pilot 
(ana  copilot,  if  any)  oi  a  flight  simulator  the  visual  effects  of  approaching 
a  lighted  runway  at  night  antler  varying  conditions  of  cloud  ceiliuu  and 
visibility.  Design  oi  the  projection  system  should  bo  such  that  the  following 
operating  features  arc  .lovided; 

1.  Runway  approach  may  be  started  from  a  point  &  miles  out  (maximum) 
and  bOOO  reel  altitude  (maximum) . 

2.  Initial  position  of  runway  with  respect  to  the  aircraft  path 
may  be  preset  by  me  instructor  within  the  limits  of  the  system. 

a.  Clouo  ceiling  aa,,  be  varied  from  0  to  300u  feet  altitude, 

•1.  Instructor  euj  cause  the  oecenui.iy  aircraft  to  emerge  from  the 
cloud  ceiling  on  center  or  to  rignt  or  left  of  center  within 
the  system  limits. 

Manuscript  released  by  authors  26  March  1956  for  publication  as  a  WADC 
Teohnioal  Note. 


5.  Go  ar&uuu  shall  be  only  upon  verbal  instruction  and  visual 
presentation  shall  fade  out. 

.Analysis  of  these  desired  characteristics  indicates  that  the  visual 
presentation  is  required  only  when  the  aircraft  is  within  the  normal  glide 
path  or  at  a  point  from  which  recovery  and  a  reasonably  straight-in  approach 
can  be  aade.  When  the  pilot  reaches  the  end  of  the  runway,  or  pulls  up  to  go 
around,  the  presentation  shall  automatically  fade  out.  The  system  concepts 
investigated  during  the  course  of  the  study  program  were  based  upon  this 
interpretation  of  the  Exhibit  as  written.  All  other  detailed  requirements 
have  been  considered  in  order  to  assure  satisfactory  fullfillment  of  the 
training  requirements. 

c.  si.m^srssrm 

the  design  study  program  for  the  Runway  Lighting  Attachment  proceeded 
in  four  distinct  but  interrelated  phases  consisting  of  (1)  investigation  ex 
special  film  projection  techniques,  point  light  sources,  and  discrimination  of 
images  by  polarized  light,  (2)  investigation  of  parallax  and  screen  contour 
effects,  (3)  determination  of  basic  part  configuration  for  application. to  the 
jfe-i  simulator,  end  (4)  development  of  interconnection  system  between  *-l 
flight  coordinate  data  and  runway  lighting  attachment. 

Investigations  devoted  to  the  special  film  projection  techniques  and 
of  point  light  sources  were  primarily  concerned  with  correction  of  the  image 
for  glide  path  errors.  Experience  acquired  in  previous  simulation  development 
projects,  using  various  other  techniques,  had  indicated  that  the  projector 
system  proposed  by  Ruceav-philadclphia  and  described  in  Section  IX  was  best 
suited  to  this  application.  The  study  was  therefore  concentrated  upon 
determination  of  Us  feasibility.  Parallax  and  screen  contour  effects  are 
particularly  important  in  view  of  the  pilot  position  desired  and  the  long 
straight  lines  presented  in  which  deviations  would  be  easily  detected.  The 
relative  merits  of  curved  and  flat  screens  were  evaluated  with  regard  to  both 
the  accuracy  and  the  adequacy  or  extent  of  visual  presentation. 

Attachment  oi'  the  device  to  the  IE-.',  simulator  and  the  pick-off  of 
the  coordinate  flight  data  involve  the  ooro  conventional  design  problems  only. 
These  portions  of  the  study  fall  logically  into  place  when  the  basic  parameters 
have  bean  established. 

Section  II  summarizes  the  essential  results  of  the  study  program 
and  presents  the  recommendations  of  the  contractor  with  raqard  to  the  proposed 
device.  Section  III  through  X  presents  the  detailed  analysis  of  the  problem 
ana  describes  the  experimental  procedures  followed  in  arriving  at  these 
recommendations. 
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5.  Go  arouau  shall  be  only  upon  verbal  Instruction  a:ui  visual 
presentation  shall  fade  out. 

Analysis  of  these  desired  characteristics  indicates  that  the  visual 
presentation  is  required  only  ivnen  the  aircraft  is  uitbin  the  normal  glide 
path  or  at  a  point  from  which  recovery  and  a  reasonably  straight- in  approach 
can  be  made.  When  the  pilot  reaches  tue  end  of  the  runway,  or  pulls  up  to  go 
around,  the  presentation  shall  automatically  fade  out.  The  system  concepts 
investigated  during  the  course  of  the  study  program  were  based  upon  this 
interpretation  of  the  Exhibit  as  writteu.  All  other  detailed  requirements 
have  been  considered  in  order  to  assure  satisfactory  fulfillment  of  the 
training  requi raven ts. 

c.  sim\JrasiM 

The  design  study  program  for  the  Runway  Lighting  Attachment  proceeded 
in  four  distinct  but  interrelated  phases  consisting  of  (1)  investigation  of 
special  film  projection  techniques,  point  light  sources,  and  discrimination  of 
images  by  polarized  light,  (2)  investigation  of  parallax  and  screen  contour 
effects,  (3)  determination  of  basic  part  configuration  for  application  to  the 
lE-i  simulator,  and  (4)  development  of  interconnection  system  between  WE-1 
flight  coordinate  data  and  runway  lighting  attachment. 

Investigations  devoted  to  the  special  film  projection  techniques  and 
of  point  light  sources  were  primarily  concerned  with  correction  of  the  image 
for  glide  path  errors.  Experience  acquired  in  previous  simulation  development 
projects,  using  various  other  techniques,  had  indicated  that  the  projector 
system  proposed  by  Rucem-philadclphia  and  described  in  Section  IX  was  best 
suited  to  this  application.  The  study  was  therefore  concentrated  upon 
determination  of  Us  feasibility.  Parallax  and  screen  contour  effects  are 
particularly  important  in  view  of  the  pilot  position  desired  and  the  long 
straight  linos  presented  in  which  deviations  would  be  easily  detected.  The 
relative  merits  of  curved  and  flat  screens  were  evaluated  with  regard  to  both 
the  accuracy  and  the  adequacy  or  extent  of  visual  presentation. 

Attachment  of  the  device  to  the  JE-.\  simulator  and  the  pick-off  of 
the  coordinate  flight  data  involve  the  ooro  conventional  design  problems  only. 
These  portions  of  the  study  fail  logically  into  place  when  iho  basic  parameters 
have  been  established. 

Section  II  summarizes  the  essential  results  of  the  study  program 
and  presents  the  recommendations  of  the  contractor  with  regard  to  the  proposed 
device.  Section  III  through  X  presents  the  detailed  analysis  of  the  problem 
ana  describes  the  experimental  procedures  followed  in  arriving  at  these 
recommendations. 


i 


WADC  TN  5C-1ZU 


3.  Serna  saw 


For  a  siacjle  image  projection  system,  it  is  recommended  that  a  flat  screes 
be  used.  Kite  this  type  of  screec  the  die  tort  ions  la  the  image  are  linear  sad 
can  be  minimized  to  an  acceptable  amount.  The  flat  screen  is  capable  of  azimuth 
coverage  up  to  90  degrees  (±  45  degrees).  Ibis  is  sufficient  to  cover  She 
sninl  field  of  view  through  the  windshield. 

4.  UliU  StL  SjjjasKUGuUUu. 

Since  the  specification,  9CLEQ  3-17,  does  not  specify  tbe  limiting  values 
of  the  system  variables  such  as  tbe  visual  field,  pitch,  roll,  end  beading, 
a  logical  basis  for  establishing  each  limit  was  constructed.  It  is  recommended 
that  tbe  limits  given  in  Section  IT  be  accepted  as  meeting  tbe  requirements  of 
tbe  specifications  and  tbe  scope  ox  ibis  program. 

s.  flaaettiaa  flilk-LacJCzl  EJJUuxk  SSmadsak 

Tbe  only  difficulty  involved  In  making  electrical  and  mechanical  connections 
to  tbe  *>1  Flight  Simulator  Is  in  increasing  toe  length  of  the  electrical  cables 
from  tbe  cockpit'  to  tbe  simulator  computer  racks,  This  involves  considerable 
labor,  which  can  be  performed  at  this  plant. 

6. 

On  tbe  basis  of  these  findings,  it  is  recommended  that  tbe  base  of  the 
study  contract  be  broadened  sufficiently  to  permit  the  analysis  of  alternative 
projection  systems  before  contemplation  of  construction  of  any  hardware.  This 
procedure  appears  to  be  iu  the  best  interest  of  the  government  at  this  line. 


SECTION  III 
FIL*  SYSTEM  CONCEPT 
i 

a.  JLaadifls..a.i.H*airt 

The  image  of  the  lighted  runway  as  seen  from  the  cockpit  of  an  airplane 
can  take  many  subtle  shapes  and  orientations.  It  is  these  subtleties  of  shape 
and  orientation  which  give  the  experienced  pilot  information  necessary  to  guide 
the  aircraft  to  a  successful  landing.  For  the  purpose  of  developing  a  projection 
system  to  simulate  the  instantaneous  image  of  the  runway,  it  will  be  necessary 
to  resolve  these  quantities  into  their  major  components. 

Considering  the  runway  as  a  flat  fixed  rectangular  plane  and  the 
aircraft  as  a  completely  free  body,  the  appearance  of  the  runway  will  be  a 
function  of  the  six  degrees  of  freedom  of  the  aircraft.  Let  the  tarth  coordinates 
x,y,z  be  defined  as  follows: 

x  -  The  distance  along  the  extension  of  the  runway  center  line. 

y  -  The  distance  transverse  to  the  runway  center  lino. 

z  -  The  distance  above  the  earth’s  plaae  (altitude). 
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Wbc2  tbc  aircraft  is  directly  cj  is*  accepted  glide  path,  its  iau^c 
sili  be  svassidcsi  aits  ila  tsa>  sices  eoaicrjU1;  tmiard  eae  asotacr.  ^ 
aaoaat  of' eoovergesce  is  a  direct  faacxica  of  toe  x  distance.  l£e  si^s  ol  Uf 
inge  aod  tie  ecavergcace  is  tae  major  isdicaiiocs  of  distance  to  toe  taa Chios* 

point. 

Tiie  altitadf  affects  mosilv  tie  total  height  of  tie  its® 3*  in  cossce*^ 
with  tbs  x  distances  if  tiie  altitude  is  zero  tic  image  eatresses  into  a  rtr**S=i 
horizontal  line,  where  s^e  altitale  is  very  5iSfe  tie  image  is *le^l?*V^ic-lh 
in  comparisoa  to  toe  x  distance.  Taesc  t*  Image  variaoles  hare  no  absolute 
references  ic  the  aircraft,  aad  the  idiot  is  tlerefore  eo^elleo  to  resort  .0 
memory  aad  experience  la  judging  the  altitude  aao  groouJ  distance. 


Toe  traasserse  coordinate.  >'«  affects  the  symmetry  c-i  the  image.  For 
distances  off  the  center  lice  of  the  rxi-ray  t&e  Image  is  skewed  accorJiagly. 
This-  represeats  as  absolute  reference  for  the  pilot  aad  eoase<ptstiy  can  ae 
reduced  to  zero  with  average  fly lag  skill. 


The  pitch,  neading,  aad  roll  degrees-  of  frecuo*  effect  the  position 
of  the  inace  ait  a  respect  to  the  uladsfcield-  The  rolling  miion  rotates  tar 
image,  the  beadieg  action  locates  the  isaje  along  the  fcase  ci  the  tand  saield. 
and  the  pitch  notion  locates  the  image  d  cog  the  vertical  of  tiie  winasbxela.  ^ 
These  effects  are  absolutely  reference*:  ia  tbs  cockpit,  ami  cosseqacollj  can  nt 
adjusted  to  exactly  the  correct  values  by  the  skills**  pilot. 


These  six  effects  represent  ihi  basic  eieasats  to  be  s ia*;ated 
projection  systea  is  connection  cita  the  coordinate  data  geoeracc-d  by  «.££ 
simulator  and  pilot's  control  notioas. 


by  the 
flight 


B.  tyasic  Concert,  of  FilH  3Ptg.iOCUga 


Free:  the  preceding  discussion  it  is  evident  that  the  six  degrees  o* 
freed  on  of  the  image  must  be  generated  in  the  projector,  ihe  advantage 
action  picture  fila  is  that  its  length  can  represeat  aac  of  the  degrees  01 
freedom.  In  this  case  the  logical  choice  is  that  the  x  coordinate  be  represen 
ed  by  the  length  of  the  Ulc  since  this  changes  most  in  a  typical  lauding.  *w 
pitch,  roll,  aad  heading  actions  can  be  oirecl  aud  analogous  motions  o*.  tae  ill* 
orojector.  Thai  is,  the  fila  projector  can  be  mounted  on  a  jouble  giabal  ano 
each  axis  driven  by  a  direct  electrical  connection  sit a  the  roll,  pi tea,  and 
heading  angles  developed  in  the  flight  sioalator.  The  projected  usage  will  t-s»n 
roll  and  will  be  displaces  in  azimuth  and  elevation  ir.  accordance  wita  tftc  pilot  s 

control  motions. 


The  remaining  degrees  of  freedom  must  developed  in  the  optical 
system  used  to  project  'the  image  from  tie  film  to  the  screen,  luat  is.  the 
on  the  Image  due  to  displacement  of  the  simulates  aircrait  alonq  tae  y  and  z 
cooruinate  axes  must  be  developed  in  tne  projector  by  distorting  the  image  on  the 
film  in  accordance  with  the  geometric  requirements.  The  cxrfbt  actood  t>y  «lucn 
this  is  accomplished  depends  on  the  nature  oi  tne  image  on  the  fila* 


To  develop  tno  concept  o£  film  projection  further, 
involved  in  aakiu-y  the  individual  fila  fraoe  exposures  must  b 
a  point  P,  on  l:;e  ideal  glide  from  which  the  runway  is  being 


the  geometry 
c  i.iscassed.  Consider 
observed (See  Figure  1). 
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Tbe  line  eozs^ezlsg  Use  eye  pal si  sad  each  bjivisnal  point  on  llte  rua&s;  axe 
StiOHS.  At  toe  instant  represented  by  Figure  1,  tScre  Mill  be  a  fils  frsx 
exposed  by  these  rays,  lie  orientation  cf  t be  i iia  plane  aitls  respect  to  lie 
v,ro3nd  will  detemiae  tbs  icn  of  tie  laage  <m  toe  frame.  Of  tbe  file  frame 
oriealatioas  possible,  lie  one  parallel  to  U»  eart’i,  rod  tie  one  zonal  tc  tie 
ideal  glide  pats  are  et  interest  lor  Had;.  Examination  oX  tbs  film  fxasse 
parallel  te  tbe  east*  revel  as  that  the  isege  of  tLe  runway  oo  ills  is  n 
rectaagalar  pattern  exactly  e^ul  to  Ute  plat  <1  ex  of  tie  renaj.  Tide  is 
sigailicaat  in  Uat  ae  aatter  want  tie  glide  pais  angle,  €,  is  Ue  image  is  tie 
same.  That  is,  far  example,  if  G  were  90  degrees  aitia  tae  point  P  directly  iow 
tbe  tcacfcdeua  point,  tee  is^c  oa  the  fila  would  be  i£*  sae  *s  in  tbe  ease  shams, 
lie  tae  conclusion  is  arrived  at  when  considering  the  point  P  displaced  in  the 
I  direction.  Therefore,  the  Ilia  franc  parallel  to  the  earth  is  of  a  universal 
car  are  aad  does  not  depend  oa  a  specific  glide  path.  If  the  orientation  geometry 
is  aaiataiaed  as  shows  in  tae  figure  oau  if  a  lensless  projector  is  used,  tiie 
prejectioo  of  tbe  rummy  image  to  a  screen  trill  be  perfectly  accomplished  rritu 
no  distort  icn  for  any  analogous  valve  of  x,  y,  and  z. 

The  runway  image  Oa  the  fila  free  normal  to  the  glide  path  is  a 
symmetrical  trapezoid  with  the  runway  lights  grouped  close  together  at  tiie  upper 
cad.  This  image  is  unique  for  the  particular  set  of  eoordisates  represented 
by  toe  point  P.  Thus,  if  the  glide  path  angle  G  were  changed  to  a  large  value, 
such  as  90  degrees,  the  image  oa  the  fils  would  change  extensively.  As  a  result 
of  tills  characteristic,  projection  of  lbs  film  frame  by  the  lenslees  point  light 
source  Method  will  only  approximate  the  true  image  when  the  simulated  aircraft 
is  off  the  glide  path.  That  is,  in  normal  operation  the  film  frame  corresponding 
to  the  instantaneous  value  of  x  will  be  exposed  for  a  specific  value  of  altitude, 
2,  and  zero  y.  The  projected  image  will  be  true  only  when  the  simulated  altitude 
is  equal  to  the  film  altitude  and  y  is  zero.  If  this  is  not  true,  the  point 
light  source  xzisi  be  moved  relative  to  the  fila  fraoe  to  compensate  for  the 
difference  in  altitude  ant  y.  At  best  this  method  can  only  approximate  the 
required  change  in  inage  geosetry  over  snail  errors  in  glide  path  coordinate. 

The  advantage  of  tbe  film  frame  normal  to  the  glide  path  over  the 
film  frame  parallel  to  the  earth  is  that  it  trill  permit  light  to  be  transmitted 
with  a  minimum  of  difficulty  during  projection.  That  is,  since  the  film  frame 
is  perpendicular  to  the  light  rays  radiated  by  the  point  source,  the  light  rays 
will  penetrate  the  glossy  surface  of  tae  fila  and  fora  the  image  on  tbe  screen. 
l«i  the  case  of  the  film  frame  parallel  to  the  earth's  surface,  however,  the 
light  rays  ore  incident  oa  the  glossy  film  surface  at  an  angle  equal  to  the 
glide  path  angle,  G,  which  is  generally  3  or  4  dogrees.  At  this  low  angle  of 
incidence  no  light  ray  can  penetrate  the  film  surface  and  must  be  reflected. 
Consequently,  although  the  image  of  the  runway  would  be  perfect  in  theory,  no 
light  will  reach  the  screen.  Optical  techniques  are  available  to  obviate  this 
difficulty  bat  lead  to  difficult  design  and  cumbersome  operation. 

C.  Practical  Problems  Inherent  la  Proierlioa  ^ilms 

1.  Parallaxes 

Tbe  most  convenient  place  to  locate  the  projector  in  the  trainer  is 
directly  above  tbe  observer’s  heed.  Ideally,  the  projector  optical  center  should 
be  coincident  with  the  observer's  eye  point.  Since  this  is  impossible,  it  is 
necessary  to  minimize  tue  distance  between  the  observer  and  projector  and  to 
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miate  toe  effect  of  this  parallax  ou  the  geometry  of  the  projected  iugc  *s 
•  fssctl-d*  of  scraen  shape.  Tact  is,  if  the  parallax  distance  were  zero,  the 
geometry  of  the  image  would  not  change  with  screen  shape  or  aircraft  attitude 
angles.  Coder  this  circumstance  toe  shape  c£  the  screen  can  l>e  chosen  to  meet 
other  requirements. 

The  presence  of  a  significant  parallax  distance,  however,  will  introduce 
distortions  io  the  projected  image  of  the  runway.  Ia  addition,  these  distortions 
will  change  as  the  prajeetor  is  rotated  ia  heading,  pitch,  and  roll.  The  problem 
then  is  to  minimize  these  effects  by  sinicizing  the  parallax  distance,  and,  core 
importantly,  by  choosing  the  shape  of  screen  which  will  give  least  distortion. 

In  the  caie  of  a  dual  projector  system,  a  horizontal  parallax  exists  if  the 
screen  surface  is  carved.  The  horizontal  parallax  is  a  fixed  value  of  two  feet 
for  the  T-37  cockpit  and  can  not  be  minimized.  This  will  introduce  extremely 
large  distortions  ia  the  projected  image  which  will  vary  «*  the  projector  rotates 
in  beading,  pitch,  and  roll.  The  only  screen  shape  fair  which  the  distortion  due 
to  horizontal  parallax  is  zero  and  the  distortion  due  to  vertical  parallax  is 
minimum  is  the  flat  screen.  However,  because  of  the  effect  of  polarizing  the 
serein  for  dual  i stage  projection,  the  spherical  screen  is  necessary.  Thus,  the 
flat  screen  is  best  for  the  single  projection  system,  and  the  spherical  shape 
is  needed  for  the  dual  projection  system. 

A  concept  to  be  considered  ia  dealing  with  the  parallax  distortions 
is  the  use  of  back-projection  techniques.  That  is,  consider  a  system  which 
employs  a  translucont  screen  with  the  projectors  located  behind  the  screen  * 
and  the  cockpit  on  the  front  side  of  the  screen.  If  the  projectors  are  as  far 
behind  the  screen  as  the  observers  are^in  front  of  the  screen,  the  vertical 
parallax  can  be  reduced  to  zero.  Obviously,  the  flat  screen  is  the  only  shape 
applicable  here.  A  major  difficulty  with  this  system  is  that  it  is  applicable 
to  a  narrow  visual  field  system  because  of  the  directivity  of  the  translucent 
screen  and  the  reflection  rather  than  transmission  of  light  at  the  back  surface 
ai  large  projection  angles.  In  addition,  this  system  is  not  adaptable  to  polaroid 
techniques  because  no  known  translucent  screen  will  retain  the  polarization  of 
the  light  waves  after  transmission. 

2.  MaitoLUahi 

The  only  satisfactory  method  of  discriminating  between  the  pilot’s 
and  copilot’s  runway  images  is  by  polarized  light.  However,  this  system 
introduces  certain  deleterious  effects  on  aud  restrictions  of  the  system 
performance.  The  introduction  of  the  transmitting  aud  receiving  polariod 
filters  reduces  the  brightness  of  the  image  to  30£  of  Us  unpolarized  value. 

This  greatly  weakens  the  image  which  is  at  best  are  acceptable  in  brightness. 

The  acceptability  of  the  resultant  brightness  can  only  be  evaluated  by  placing 
the  actual  system  in  service  for  a  length  of  time. 
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The  polarized  light  sys tea  requires  the  use  of  a  polarizing 
screen.  Screens  of  this  nature  have- the  characteristic  of  scattering  the 
incident  light  without  altering  the  plane  of  polarization.  As  a  consequence 
the  scattering  is  not  coaplete  and  the  reflected  light  retains  a  directional 
effect.  The  resultant  effect  of  the  directivity  of  the  refloated  light  la 
that  an  observer  will  experience  a  sharp  decrease  in  spot  brightness  when  observ¬ 
ing  the  spot  at  angle  greater  than  20  degrees  off  from  the  direct  ray.  At 
45  degrees  iron  the  direct  ray.  the  spot  of  light  appears  to  be  almost  extinguished. 
A  a ore  detailed  description  of  these  effects  la  given  in  Section  VI. 

SECTION  IV 
LIMITS  OF  PROJECTION 


a.  jteaaaa  Usual .  Lteld 

The  criterion  for  setting  the  maximum  limits  on  the  azimuth  and 
elevation  angles  of  the  projected  image  is  the  visual  field  allowed  by  the 
windshield  of  the  T-37  aircraft.  Although  an  observer  can  see  further  from  the 
side  of  the  cauopy,  the  visual  field  established  by  the  windshield  is  of 
importance.  On  this  basis  direct  measurements  from  the  HE-1  drawing  gives 
the  following  limits  from  the  straight  ahead  position; 

Azimuth  >  '15  degrees* 

Elevation  ±  50  degrees. 

/ 

b.  iteatom  U&lis. 

The  *£-l  flight  instrument  trainer  is  capable  of  extreme  limits  in 
roll,  pitch,  and  heading  attitudes.  However,  since  the  aircraft  will  start 
■  initially  at  the  beginning  of  a  landing  approach,  the  limits  of  these  quantities  ^ 
will  be  a  minimum  of;  * 

Heading  ±  45° 

« 

Roll  ±  45° 

Pitch  ±  30° 


C. 


As  given  in  the  specification,  the  maximum  ground  range  coordinate, x, 
and  altitude,  z,  will  be  30,000  feet  and  3,000  feet  respectively. 


The  maximum  transverse  coordinate, y,  error  developed  in  the  IE-1  is 
±  3000  feet.  This  should  be  increased  to  *  3000  feet  and  linearly  decreased 
with  the  x  coordinate. 
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i:U*AY  LIGHTING 

The  lending  strip  lighting  to  bo  s fouls ted  by  the  ffiyht  Landing 
Trainer  is  sham  in  Figure  2.  This  lighting  covers  •  total  of  O.OOG  foot 
divided  into  3,000  foot  of  approach  lighting  and  5,000  foot  of  runway  light- 
ing.  It  is  felt  that  5,000  feit,  while  admittedly  a  eoapreoise  oc  the  aug- 
get ted  0,000  foot,  would  fad  sufficient  for  training.  Ouse  the  student  pilot 
reaches  5,000  feet  beyond  the  threshold,  tho  lending  is  a  success  dr  failure 
To  increase  tho  runway  to  0,000  feet  would  add  37-1/2%  to  the  iota!  lighted 
distance  with  the  following  mult:  Since  the  laage  is  Halted  by  a  fixed 
film  width,  the  37-1/2%  increase  must  be  absorbed  by  the  scale  factor  with 
a  degrading  effect  an  tho  iaaye  resolution. 

Approach  lighting  has  boon  patterned  after  Figure  B  of  the 
National  Standard  on  Approach  Lighting,  dated  26  July  1953.  The  approach 
distance  is  divided  into  two  sections,  both  enticed  in  Aviation  Had  Lights. 

In  order  of  occurrence,  tho  first  section  of  approach  lighting 
consists  of  centerline  bars,  14  to  20  feet  long,  at  100-foot  intervals  along 
the  extended  runway  centerline.  The  last  bar  heading  toward  the  runway  is 
flanked  by  crossbars  so  that  a  total  width  of  IOC  feet  is  Illuminated. 

The  second  approach  section,  celled  the  overrun  area*  is  unsyo- 
aetvical  in  that  the  left  band  units  are  aide  up  of  three  lamps  covering 
14  to  20  feet  perpendicular  to  the  runway  centerline  while  the  right  hand 
units  ere  single  lights.  These  are  placed  on  100-foot  spacing*  along  a 
line  parallel  to,  but  100  feet  out  from,  the  runway  centerline. 

The  Aviation  Green  threshold  bars  separate  the  overrun  area  and 
the  runway  proper.  These  are  40  feet  long  with  their  innermost  edge  in 
line  with  the  overrun  lights. 

The  runwny  proper  is  aarked  by  Aviation  iHbite  lights  spaced  at 
200-foot  intervals  for  8,000  feet  in  line  with  the  overrun  lights  (100  feet 
off  runway  center). 

All  lights  stipulated  as  "tars*  must  appear  ns  o  single  lineor 
light  when  viewed  fr as  n  distance  of  1,500  feet. 


SECTION  VI 

PARALLAX  Ai-D  SCREEN  SHAPE  ANALYSIS 

A*  IxmaUmJduL 

Figure  3A  illustrates  the  distortion  of  the  image  due  to  verti¬ 
cal  parallax  and  various  screen  shapes.  The  lines  EA  and  E3  are  the  rays 
connecting  the  far  end  A  and  the  uesr  end  B  of  the  runwsy  with  the  eye 
peint.  Thus,  the  angle  AEU  equal  to  V  is  the  true  vertical  angle  an  ob¬ 
server  would  expect  to  tee  the  tenge  intercept  fl roc  this  position.  If 
the  filu  has  been  tado  without  considering  parallax,  the  rays  FF  and  PD 
efts na ting  fr ow  the  center  of  the  projector,  P,  will  represent  the  rays 
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EA  and  EB.  Tbe  projected  ray*  if  and  fn  will  diverge  Area  the  projector  at 
an  angle  equal  to  V,  tbe  angle  of  tba  true  rays. 

From  tba  intersection  of  tbasa  rays  nod  tba  screen,  tba  prallsx 
distortion  far  aaeb  aeraac  can  ba  plotted  and  compared.  In  tba  ease  of  tba 
flit  screen  it  is  ssen  that  PD  intarsaets  tba  screen  at  D  a  point  eestidsr- 
able  below  G«  tba  true  intersection  point.  The  result  is  that  the  observer 
at  E  sots  a  such  longer  nod  breeder  runway. 

For  tba  spherical  screen,  tba  ray  H)  intersects  the  screw  at  tba 
point  C  closer  to  G  than  D.  Thus,  the  elongation  of  the  iamge  is  less  ibnn 
in  the  case  for  tbe  flat  screen-  However,  examination  of  the  projected  image 
reveals  that  straight  lines  representing  tbe  edges  of  the  runway  are  seen  as 
gentle  curves  from  the  eyepoint  E  figure  3B),  To  swuerize,  it  is  seen  free 
tba  above  discussion  that  both  screens  Cause  distortion  in  tbe  itagn  due  to 
vertical  parallax.  Distortions  due  tc  tbe  fist  screen  take  the  fora  ft  elea- 
gation  aid  broadening  of  the  liege.  The  spherical  screen  has  tbe  sane  effect 
on  the  Image  to  •  s teller  degree  but  with  the  added  distortion  of  curving  tbe 
laager  The  distortion  of  curving  the  image  is  by  far  the  most  objection  ble. 
At  wide  angles  when  the  aircraft  is  about  to'  touchdown,  this  offset  can  be  so 
greet  as  to  be  unacceptable.  Although  the  elongation  and  broadening  of  tbe 
image  is  Isis  than  for  a  flat  screen,  tbe  smallest  curvature  of  the  image  is 
sasily  detected  by  the  observer.  Tbe  linear  distortion  (elongation  and 
broadening)  due  to  tbe  flat  coreon  can  bo  reduced  by  anticipating  this  effect 
when  making  tba  film.  That  is.  If  the  film  is  aids  by  photographing  a  model 
runway,  in  appreciable  amount  of  eountor-panllax  can  be  inserted  into  111%-  v 
geowotry. 

B.  frwUflK 

Figure  4  illustrates  the  distortion  of, the  inage  due  to  horizontal 
parallax.  The  points  E  and  Eo  represent  the  eye  points  of  the  first  and 
second  observers.  The  light  rays  are  drawn  for  only  the  observer ,  Ej.  The 
vertical  parallax  is  not  seen  in  this  visw  but  is  represented  by  the  super* 
position  of  points  Ej  and  Fj  for  the  first  observer  and  points  Eo  and  P2 

for  tbs  second  observer.  The  ray  PjA  end  are  the  true  rays  projecting 
the  two  lower  earners  of  ttoo  image.  It  is  soon  that  tbe  flat  screen  has  no 
particular  effect  because  of  its  shape,  whereas  tbe  spherical  screen,  because 
of  the  assyametry,  will  distort  the  image  more  on  ono  side  than  the  ether ^ 

c.  asatu. p.mua 

Fays  of  light  incident  upon  polarized  screens  will  be  scattered 
without  altering  the  piano  of  polarization.  Tho  semering  of  the  light  is 
not  as  complete  as  in  the  case  of  sedinary  white  screen  surface.  The  result 
is  thet  the  scattered  rays  are  grouped  together  as  shown  in  Figure  5  for  the 
polarized  screen.  Conjuring  the  t»c  reflective  patterns  of  the  figure,  it 
is  ssen  that  an  observer  walking  around  tbe  pel**  ®I  incidence  Aram  right  to 
left  will,  in  the  case  of  the  white  screen,  toe  the  point  of  incidence  »t 
nil  angles.  In  the  case  of  the  polarized  screen,  however,  tbe  observer  will 
at  first  barely  detect  the  presence  of  Hgfei  at  the  right.  A*  the  point  A 
is  approached,  tbe  point  of  incident!  .  sooes  progressively  brighter.  At 
tba  point  A,  the  brightness  is  about  3.5  times  brighter  then  tbe  white  screen 
Passing  beyond  the  point  A  to  tbe  left,  tbe  brightness  again  declines  te  a 
weak  value.  It  is  seen  that  the  Sigbest  brightness  range  is  in  the  vicinity 
of  tbe  direct  reflected  ray  direction.  Within  £  25  degrees  of  this  direction 
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the  brightness  Is  at  least  as  bright  as  tbs  Kbits  screen,  «&ile  beyond  these 
lladts  tbs  brightness  declines  rapidly. 

Tbs  effect  of  tbs  directivity  pattern  is  illustrated  in  Figure  6, 
Sheen  is  a  plan  vise  of  e  flat  screen  and  a  spherical  screen  with  its  center 
at  C.  The  two  observers*  eye  points  are  E  and  £*>  with  the  respective  proje*» 
ter  teeters  Pi  and  directly  ever  the  eye  pei.i.  Consider  the  ray  PA 
•Meeting  Aron  the  first  projector  at  P..  In  the  cast  ef  the  flat  screen, 
the  ny  ef  light  is  Shattered  away  free  the  observer  at  Ej.  If  the  angle  * 
Eitt  Is  less  thsn  20  degress,  the  lange  will  appear  bright.  However,  as 
the  angle  increases  to  the  value  shewn  (approKioately  90  degrees),  intge 
brigktaees  declines  te  an  alosst  imperceptible  value  as  viewed  Aren  Ej. 

In  the  ease  of  the  spherical  screen,  the  ray  Aron  Pi  ic  incident 
at  0.  The  consequent  scattering  is  directed  leek  in  the  general  direction 
of  the  observer.  In  general,  the  direct  reflected  ray  will  be  directed  at 
E2.  Consequently,  the.  angle  E1DE2  is  never  greater  than  20  degrees  eppro- 
xiwately  for  the  parameters  shewn.  Therefore,  the  tenge  will  always  be 
within  the  required  brightness  tolerance. 
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U-ISUSS  PROJECTION  A  fSt  POINT  LIGHT  SOLVES 


A.  tWiiwap  pacification 

Lens less  prsjeotion  techniques  generally  employ  an  extrenely  in¬ 
tense  light  core#  and  a  film  transparency  upon  which  the  desired  angle  is 
fixed.  In  application,  the  transparency  is  placed  between  the  light  source 
and  the  screen.  The  rays  of  light  enenating  Arm  the  light  source  pass 
through  tho  film  In  regions  of  transparency  and  are  absorbed  or  blocked  in 
opaque  regions.  A  signified  image  of  tho  transparency  is  thus  projected  to 
the  screen,  with  the  cwtyni  float  ion  dependent  on  the  distance  froei  the  light 
source  to  tit#  film  and  turn  the  film  to  the  screen.  The  theoretical  ad¬ 
vantages  of  this  technique  la  addition  to  its  simplicity  are:  (1)  regard¬ 
less  of  tho  mgaificaticn,  the  image  is  always  in  focus  on  the  screen,  and 
<2)  the  Inge  is  always  in  focus  regardless  ef  the  orientation  of  the  film 
with  respect  to  tho  lamp  and  screen. 

b*  JiMaUU*.  sL&altsaaA  Jam 

Certain  practical  considerations  restrict  these  theoretical  ad¬ 
vantages.  The  strength,  of  the  light  source  in  cooper is on  with  the  area 
of  its  radiating  surface  is  the  moot  important  consideration,  for  if  n  la  tip 
were  of  sufficient  strength  te  produce  a  bright  enough  image  and  if  the  area 
of  the  radiating  surface  were  Infinitely  stall,  the  full  theoretical  per¬ 
form  nee  ef  ltaelccc  projection  would  be  realized.  However,  real  leaps  of 
sufficient  strength  have  en  appreciable  radiating  arse.  The  direct  and  over¬ 
all  result  of  this  condition  is  that  the  oaxiauw  Magnification  of  the  system 
is  United •  Or,  In  another  sense,  the  bmxIoub  realisable  seals  factor  of 
the  iwage  en  the  film  is  limited. 

Figure  7  illustrates  the  operation  of  0  practical  lensless  pro¬ 
jection  systen.  The  arc  lamp  in  the  left  has  a  finite  art  length,  x.  The 
file  is  opaque  except  for  the  transparent  hole,  f j  F2  of  diameter  d.  The 
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screen  is  located  a  distance  V  from  the  fils  and  receives  the  projected  image 
at  Sj  $2  Gf  diaeeter  0.  The  upper  edge  Aj  of  the  are  Hill  project  the  lowest 
r»y  Aj  Fo  So  through  the  hole.  The  lower  edge  A<?  of  the  arc  will  project  the 
apper  ndet  ray  A2  Fj  Sj  through  the  hole.  The  diameter  D  of  the  Magnified 
inego  oti  the  screen  is  a  function  of  the  pareaeters  shown,  whore 
0  *  d  (V/u  /  1)  /  x  (V/u),  That  is.  thd  diameter  of  the  spot  Is  increased  by 

the  factor  V  x  dne  to  finite  are  length,  x. 

u  / 

The  factor  V/u  in  this  equation  nay  be  defined  as  the  sanguification. 
Thus,  if  the  MXiawa  allowable  spot  diameter,  D,  is  specified  and  if  the  aini- 
nun  values  of  d  and  x  are  set  by  the  Fresnel  effect,  the  anxiisaia  damnification 
can  be  coiqmted  by  «  *  0/d)  f  x. 

The  BinicsuD  practical  value?  of  d  and  x  ore  0.010  and  0.011  incites 
respectively. 

The  aexisuw  value  of  0  mat  be  set  by  the  nature  of  the  problen. 

For  exaaple.  when  the  runway  is  at  far  range,  the  spots  on  the  screen  are 
elese  together.  This  requires  then  that  the  spots  be  small  in  die Deter  so 
that  they  ean  bo  resolvod.  Let  D  equal  1/2  inch  at  long  ranges.  When  the 
runway  is  at  close  range,  the  spots  are  far  apart  and  need  not  be  small. 

Let  li  equal  6  inches  at  short  range;  Then  the  oaxiaua  allowable  long  range 
and  short  range  Magnifications  are  25  and  300  respectively.  These  factors 
are  used  in  Section  YX11  to  deterwine  the  geoaetric  d  loons  ions  1  parameters 
of  the  two  film  systems. 

The  choice  of  these  spot  disasters  Is  based  on  the  absolute  raci¬ 
sm  which  will  allsw  sufficient  clearance  between  spots  to  represent  the 
area  between  runway  lights.  In  reality,  the  runway  lights  will  appear  at 
infinitely  wall  points  at  all  ranges  up  to  touchdown.  At  touchdown  and 
ground  roll,  the  real  runway  lights  will  subtend  very  sun 11  angular  ares 
with  respect  te  the  pilot* s  eyo.  In  cwaperlscn  with  the  large  angles  sub¬ 
tended  by  the  spot  sizes  given  above,  it  is  seen  that  the  projected  imago 
of  the  runway  is  only  an  illusion  in  which  luminous  spots  are  farmed  on  the 
screen  in  a  pattern  analogous  to  tbo  pattern  formed  by  the  points  of  the 
true  seen#. 

c.  acttirtiiw,  Uaa 

Leapt  used  in  lensless  projection  systems  are  usually  of  the 
electric  arc  type  in  which  isrgt  electric  currents  fora  n  stall  but  in¬ 
tensely  luminous  arc  between  two  electrodes.  The  total  amount  of  light 
radiated  frow  the  arc  detenainet  the  candle  power  of  the  leap.  By  defini¬ 
tion.  the  candle  power  of  a  lawp  is  equal  to  the  lumens  radiated  divided  by 
4  for  an  own idirectl oral  radiation.  Zf  the  luminous  radiation  favors  one 
direction,  the  candle  power  is  greater  in  that  direction. 

Intrinsic  brightness  of  a  lamp  is  the  ratio  of  the  candle  power  . 
to  the  area  of  the  radiating  arc.  Thus,  if  a  lamp  is  of  400  candle  power 
and  the  are  is  2  millimeter  square,  the  intrinsic  brightness  is  100  candle 
power  per  square  millimeter.  The  parameters  ef  lensless  projection  systoos 
depend  te  great  extent  upon  the  intrinsic  brightness  of  the  lasnp  to  be  used. 
For  example,  the  maximum  allowable  magnification  is  inversely  proportion  to 
the  diameter  df  the  light  source.  If  the  diameter  were  zoro,  the  magnifi¬ 
cation  would  be  limited  only  by  the  Fresnel  effects,  the  ideal  operating 
condition.  However,  the  smallest  light  source  of  domestic  dr ke  with  the 
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highest  possible  intrinsic  Isriglitness  it  the  high  pressure  short  mercury  ore. 

These  Israpt  are  sold  in  large  sizes  and  rated  at  500  candle  pater 
per  square  millimeter.  The  soil  lest  la  rap  ar*dc  is  1000  watts  with  an  ere 
length  of  3  Millimeter.  This  is  anieh  too  large  for  instrument  applications, 
and  oust  be  reduced  in  scale  by  detaegnifieaiioo.  figure  0  illustrates  the 
optical  tochnique  used  to  deaagnify  the  electric  art.  The  glass  bulb  is 
silvered  on  the  left  side  in  order  to  doable  the  intrinsic  brightness  et  the 
are  in  the  direction  of  the  optical  system.  This  increases  the  intrinsic 
brightness  to  1000  candle  power  per  square  millimeter.  The  copy  lens 
ineges  the  arc  is  specs  with  a  oagnlficatioc  of  unity.  The  objective  lens 
then  refocuses  the  space  iange  of  the  arc  to  e  disaster  of  0.011  inches  and 
a  resultant  candle  power  of  100.  The  objective  lens  is  •  lew  power  Micro¬ 
scope  objective  which  Is  optically  corrected  fin:  an  application  such  as 
this,  Kith  this  typo  of  lens,  the  rays  of  light  faming  the  daaegsifled 
lunge  of  the  arc  diverge  at  an  angle  greater  than  90  degrees,  which  is  re¬ 
quired  for  wide  angle  projection. 


SECTION  VIXI 

GLIDE  PATii  IMAGE  CCPKECTIOftS 

yjCTj&uya.  w.  Egg* 

The  element  of  major  inportance  in  the  pr eject ion  systos  is  the 
simulation  of  iraoge  changes  due  to  tho  aircraft  being  off  course  in  its 
glide  path.  If  the  aircraft  is  too  high  or  too  low  in  altitude  for  a  gives 
ground  range  to  touehdam,  the  image  .should  be  elongated  or  compressed  ac¬ 
cordingly,  Likewise,  if  the  aircraft  is  to  the  right  «r  loft  of  the  run¬ 
way  centerline,  the  image  should  skew  to  the  right  or  left  respectively. 

In  order  to  ereste  these  effects  with  photographic  film  projection,  it  is 
accessary  to  obviate  the  fixed  optics  of  ordinary  projectors  and  substi¬ 
tute  tho  free  and  flexible  lensless  projection  technique.  Two  types  of 
film  geometry  were  considered  for  this  purpose,  and  the  major  difficulties 
of  each  are  presented  below. 

i*  DIu. Lx2.mJivmLiSL\hi  Elite  Sask 

In  this  system  the  plane  of  the  film  f tame  is  oriented  normal 
to  the  glide  path  during  exposure,  Eaoh  film  frame  represents  a  discrete 
point  along  the  ideal  glide  path.  The  resultant  ir®ge  on  each  frame  is  an 
array  of  transparent  spots  surrounded  by  an  opaque  area.  The  dots  repre¬ 
sent  each  light  on  the  runway  and  approach,  and  form  a  symmetrical  trape¬ 
zoid  pattern. 

To  simulate  the  efftsts  of  glide  path  errors  (altitude  end  off- 
centerline  errors),  it  is  necessary  to  change  the  geometry  of  projection. 
That  is,  when  the  siwulated  aircraft  is  on  tho  proper  glide  path,  the  pro¬ 
jector  elements  are  in  their  normal  positions  and  the  projected  lunge  is 
.-.orr-wl.  When  the  simulated  aircraft  develops  glide  path  errors,  it  is 
necessary  to  move  the  projector  elements  relative  to  me  another  in  order 
to  simulate  the  changes  in  the  image. 

One  method  of  accomplishing  this  wapld  be  to  move  tho  whole 
projector  grent  distances  in  the  spnee  about  the  cockpit.  To  b*  in  ac~ 
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fcord  with  the  scope  of  this  prog  ran  end  to  aehieye  wide  angle  projection* 
however,  it  is  necessary  to  hold  the  projector  fixed  In  space  except  for 
rotations  about  its  own  Center.  Therefore,  the  alteruntira  course  of  action 
is  to  develop  subtle  notion  within  the  optical  elcxjcnts  of  the  projector. 

The  simplest  actions  possible  which  could  be  analogous  to  the*  two 
glide  path  errors  are  shown  ia  Figure  9.  .-’.oration  of  the  filn  fraue  about 
the  horizontal  axis  could  be  analogous  to  altitude  error.  That  is.  if  tb^. 
simulated  altitude  is  loiter  than  the  idoel  altitude,  the  vortical  size  of 
the  Inge  must  bo  eonpressid.  Zo  Figure  9A,  the  icage  on  the  file  fratae 
is  represented  by  the  arrow.  This  is  projected  to  the  arrow  on  the  scree*. 

If  the  anew  head  is  rotated  to  tho  right,  the  angle  intercepted  by  the*  light 
rays  will  be  smaller  and  the  image  on  the  screen  will  bo  conprosscd.  Al¬ 
though  the  compression  is  not  perfect  for  nil  points,  the  major  effect,  that 
of  expressing  the  lrage,  is  accsttpUshod. 

On  the  other  hand,  if  the  altitude  is  too  high,  the  image  of  the 
naw»y  Must  bo  elongated.  This  is  not  accomplished  in  the  system  of  Figure  9 
unless  certain  changes  are  node  in  the  initial  fil.  character.  Instead  of 
aqpooi&g  the  III*  frames  along  tho  ideal  glide  path,  the  peth  of  exposure 
is  chosen  twice  tfaet  of  tho  ideel  glide  path,  fiui  will  represent  a  con¬ 
stant  bias  angle  in  the  system.  This,  if  no  simulated  altitude  error  exists 
during  projection,  the  film  frame  will  be  rotated  to  the  left  to  correct 
the  lunge.  Now,  if  the  simulated  aircraft  should  develop  an  altitude  greater 
than  the  ideal  glide  peth.  the  fil*  frame  can  be  rotated  to  the  left.  This 
will  produce  the  desired  effect  of  elongating  tho  projected  iwge. 

Figure  9B  illustrates  a  method  of  skewing  the  image  for  off- 
runway  centerline  error  in  the  simulated  aircraft  position.  The  film  frame 
is  rotated  about  the  vortical  axis  clockwise  or  counterclockwise  for  a  left 
or  right  runway  centerline  error.  This  will  cause  sane  skewing  of  the 
trapezoidal  imago  because  the  vertical  axis  of  rotation  is  not  in  the  plane 
of  the  flla.  Shile  the  skewing  is  not  ns  groat  ns  need  be,  no  improvement 
can  bo  made  in  this  effect  with  cut  changing  the  film  geometry  completely. 

A  fil*  geometry  of  this  nature  is  considered  below. 

2.  Etta j ram JtanlM  to  Uami  ftoae 

In  this  systea  the  piano  of  the  film  frame  It  parallel  to  tbe 
piano  of  the  runway.  The  fili  and  the  light  source  are  directly  analogous 
to  the  runway  and  pilot  observer.  The  iwage  on  tho  film  is  a  scaled  down 
plan  view  of  the  runway  and  the  position  of  the  projecting  light  source 
with  respect  to  the  film  frame  is  directly  analogous  to  the  simulated  air-  * 
craft  in  space. 

Figure  10  illustrates  the  geometry  of  projection  of  this  system. 

In  the  side  view  (A),  it  is  toon  that  tho  distance  of  the  la  up  above  the 
plane  of  tbe  film  is  analogous  to  tbe  instantaneous  altitude  of  the  simu¬ 
lated  aircraft.  This  distance  is  equal  to  tho  simulated  altitude  divided 
by  the  scale  factor  of  the  runway  image  on  tbe  film.  The  distance  of  the 
lamp  from  tho  touchdown  point  on  the  film  is  equal  to  the  ground  range 
divided  by  the  scale  factor.  In  the  plan  view  (B),  the  indicated  motion 
of  the  lamp  is  analogous  to  the  distance  off  the  centerline  of  the  simu¬ 
lated  aircraft. 

This  system  will  yield  a  perfect  iijoye  of  the  runway  but  is  isw 
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practise 1  beeousa  of  tfcc  size  of  the  fila  aad  the  surface  reflectivity*  Be- 
•«»*  tfce  nexinun  angni/icatiae  is  flatted,  tbe  size  ef  tbe  itmse  of  the  file 
ffeeui  (Manat  be  Miller  then  32  laches  long  and  0.6  inches  wide*  The  aenel 
sathinSsMS  used  ia  satioo  picture  projectors  canaot  be  adapted  to  this  site 
of  file*  Indeed'  because  the  fila  fraae  is  so  large*  it  is  advise bie  net  te 
change  range  by  discreet  file  its  tats,  bet  tr  have- ace  single  ffcaue  sad  neve 
the  leap  toward  the  file  to  siRitlate  decreasing  ground  range*  Uonever.  this 
aeald  lead  to  one  aactnuely  eacplex  end  expensive  projector* 

The  surface  reflectivity  »f  the  file  will  cot  penit  transaisaice 
ef  the  light  under  ordinary  eirewastanees*  In  order  to  obviate  this  diffi¬ 
culty  Me  thick  plaice  of  glass  oust  be  used*  The  glass  plates  would  be  as 
long  cad  seven!  tires  wider  titan  the  fila.  Hie  glass  pistes  should  be 
placed  eee  m  tap  of  the  atiier  with  the  HIelIb  between*  The  glass  will 
thee  provide  a  aediua  fee  transmitting  the  light  through  the  fila*.  The  ad- 
ditiea  of  the  glass  blocks  farther  cocplicntcs  the  systea. 


Using  the  file  franc  nossal  to  the  glide  path  type  nt  projection 
system  would  result  ia  the  stalest  aectealcal  projector.  l iowever,  the  cor- 
rection  of  the  glide  path  error  would  be  laparfoat.  end  insufficient  in  nig¬ 
ritude*  Cn  the  other  hand,  using  the  fila  fruit  parallel  to  the  runaey  type 
of  projection  systec  would  result  in  r  single  flln  frsae  projector*  The  re-, 
sultaat  nschaalcal  eepHcetifla  asks  the  projector  prohibitively  expensive. 


SECTION  JX 


3'jttfU  LSSaritG  AriACHUBifi:  ca^isuixzioi 

The  basic  errangeaent  chosen  for  the  night  landing  trailer  is 
shown  in  figures  II,  12,  13  aad  14  and  places  the  cockpit  ia  a  light  tight 
enclosure,  <me  surface  of  which  coaprites  the  projection  screes.  The  total 
space  required  is  an  area  30  by  30  feet  including  enclosure  bracing  aad 
s  inula  tor  cabinet  access  space.  Since  this  access  is  required  on  both  sides 
of  the  s inula  tor  cabinets*  the  cockpit  su3t  be  shifted  out  to  provide  suf¬ 
ficient  clearance  fer  the  light  tight  enclosure.  This  requires  additional 
wira  duet  and  c  blc  to  cover  about  six  x-cre  feet,  plus  an  air  duct  cement¬ 
ing  the  cockpit  air  conditioner  t  o  the  ares  outside  the  enclosure. 

The  light  tight  enclosure  is  constructed  of  plywood  panels  in  an 
alawinua  fireoe.  These  panels,  of  standard  plywood  sizes,  are  bolted  to¬ 
gether  through  the  aluainuw  Crowe  with  the  plywood  facing  inside.  The  roof 
of  the  enclosure  is  code  firoo  canvas.  The  panel  bases  are  fitted  with 
leveling  fittings,  to  coopcnsate  for  any  floor  Irregularities,  and  plastic 
gasketing  for  tight  leaks.  Acoess  to  the  enclosure  is  by  a  door  in  the 
roar  by  the  pilot**  side  of  the  cockpit.  •  y 

Two  screen  types  are  sham;  a  flat  figures  11  and  12;scree»  and 
a  sogaont  of  a  sphere,  figures  13  and  14.  Both  take  approximately  the 
sane  setup  space*  although  the  enclosed  area  of  the  spherical  type  is  quite 
less.  The  fiat  screen  is  for  single  projector  application  and  the  spherical 
typo  for  dial  projection  polarized  applications.  _ 
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The  spherical  screen  is  of  fiberglass  iupregnated  with  polyester  resin, 
construction  with  a  10  foot  inside  radius.  It  is  horizontally  syaaetrical  in 
I root  of  the  cockpit  and  is  centered  about  a  point  18  incues  above  the  aiddle  of 
a  liae  connecting  the  pilot'  ami  copilot's  eyes.  The  aluoinized  screen  surface 
covers  a  total  of  90®  ia  the  horizontal  direction  and  30°  above  sou  30°  below 
the  horizontal  plane.  This  gives  an  enclosure  ceiling  height  of  12  feet.  . 

The  flat  screea  utilizes  the  plywood  panels,  suitably  braced  to  support 
a  regular  white  antic  projection  screen  14  feet  high  by  2a  feet  (vice.  This  is 
held  taut  by  lacing  around  the  edge  to  a  rigid  fraae.  The  Hat  screea  is  centered 
about  the  projector  pivot  point  at  a  perpendicular  distance  of  10  feet. 

The  pylon  straddles  the  rear  of  toe  cockpit.  Its  price  function  is  ts 
support  the .projector,  although  the  base  is  convenient  for  housing  the  electronic 
rollouts  Odd  projector  power  supply.  The  structural  members  of  the  pylon  support 
the  projector  by  weans  of  bearings  carrying  the  rpll  ards  shaft.  This  shaft 
is  located  parallel  to  and  06  inches  above  the  pilot's  forward  visual  axis.  Thu 
pitch  axis  and  yaw  axis  intersect  the  roll  axis  at  a  point  directly  over  the  pilot* 
eyes.  These  three  axes  are  the  basis  of  a  gisbal  ring  giving  the  three  annular 
motions  to.  the  projector.  The  screen  area  and  projector- to-pi lot  distance  are 
both  dictated  by  the  magnitude  of  iaece  angles  ahich  are  given  in  section  IV. 

It  is. desirable  to  place  the  projector  center  os  close  as  practical  to  the  pilot's 
eye.  However,  the  combination  of  these  Motions  liaits  this  vertical  parallax 
distance  to  a  ainiaua  of  26  inches. 

'  The  electronic  units  jzaxsed  in  the  pylon  consist  of  the  servo  sap! i tiers 
and  power  supplies  necausazy  to  control  the  projector. 


SECTIOR  i 

IXlEKCONNECnOR  «TH  C-l  FLIGHT  IXSIHOTEff  SIHULATC8 


The  signals  required  by  the  Runway  Lighting  Attachment  are  electrical 
analogue  data  representing  the  simulated  aircraft's  flight.  The  data  specifically 
required  are  pitch,  roll,  ana  heading  displaceweal  coordinates  wit  it  respect  to 
the  runway,  and  glide  path  errors  (ap-dewa,  left- right).  Although  the  IE-1  Flight 
Iastnusuat  Siwulator  was  not  cosigner!  to  supply  u3ta  signals  to  the  visual 
attachment,  no  particular  difficulty  wili  be  experienced  to  accomodate  this 
requirewsnt.  Sowe  aecoanical  changes,  such  as  the  addition  of  synchro  transmitters 
to  sons  of  the  computer  shafts  will  have  to  be  applied  to  the  IE-1.  Electrically, 
the  only  changes  will  be  the  addition  of  wires  to  conduct  the  data  signal  to  the 
runway  lighting  attachment.  The  required  data  and  necessary  adaptation  to  the 
■E-l  is  yivco  iu  the  following  paragraphs. 

A.  Displacaooiit  Coordinates 

Figure  12  illustrates  the  ground  coordinate  system  used  in  the  JE-1. 

The  range  of  the  coordinates  arc  56  wiles  true  aorth  and  56  miles  truo  east. 

The  runway  is  arbitratilly  placed  in  this  area  by  iocati;ig  tiie  localizer  station, 

S,  at  same  point  given  by  x  and  y  in  the  figure. 
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At  the  point  S*  tae  aassetic  north  Jinctisa  is  arbitrarily  cbosea  to 
establish  the  magnetic  coordinate  m  end  ym.  2Se  simslated  aircraft  is  made  to 
fly  la  the  cagaetle  coordinate  system.  The  sun lator  has  available  vdtajej 
repraseatiag  trae  north  cwrJiaaKs  x.  y.  aai  trse  sa^etic  coordiutes  m,  yc. 

The  Sun?  Liyhlisg  Attachable  requires  cconliatc  data  referenced  to 
the  natty  center  line.  Is  tie  figure  tie  petal  P  represents  the  imtetaseoss 
position  of  tbs  aircraft  projected  into  the  grosad  plsoe.  This  position  is  sires 
ia  the  required  coordinate  system  idts  respect  to  the  localizer  station  S.  by  -the 
coordinates  x*.  aad  yr,  where  xr  is  the  distance  along  tie  ream;  center  iiac  from 
the  station  S  to  she  projection  of  P  into  the  ceatcrliae.  sad  jx  is  the  normal 
distance  isco  the  centerline  to  the  point  P.  Ia  K-l  aoaecclatmre,  the  coordinate 
Xj  is  designated  as  the  range  8,  and  the  coordinate  jr  is  designated  as  the  path 
error  E.  Tic  iiaitiog  value  oi  E  is  *  3000  feet.  These  data  arc  available  as 
de  voltages  proportional  to  t as  respective  distances.  These  signals  can  be 
conducted  directly  into  the  Xj.  aad  yr  servo  systems  of  the  Ranmay  Lightly  Altaeb- 
aeat. 

b.  jUiiaasitua. 


Altitude  data  required  axe  the  iastactaseoas  altitude  above  tae  field 
and  the  glide  altitude  as  a  it-  jctios  a£  xr  The  altitude  above  the  field  is 
available  as  the  dc  output  of  the  altitude  potentiometer.  The  glide  altitude 
as  a  function  of  is  available  as  s  de  signal  from  h  buffer  agUfer.  These 
signals  can  be  directly  conducted  to  the  altitude  servo  of  lac  Vaomy  sighting 
Attachment. 

c.  riltfu  ■loll.-aw  flwrfl Ub 

The  pitch  angle  data  is  available  a$  a  dc  signal  from  an  electronic 
integrator  ciiiiia  the  K>1.  The  signal  is  conducted  to  the  pitch  servo  of  the 
Suomy  Lighting  Attachment. 


Soli  a zd  Heading  data  are  available  as  mechanical  shaft  positions  Is 
the  roil  aad  heading  servos  of  the  K-l.  Tbs  presently  installed  synchro 
transmitters  are  capable  of  driving  ace  sore  control  transformer  each  in  addition 
to  the  present  load.  These  control  transformers  are  to  be  the  foil ok- up  devices 
on  the  roll  and  heading  servos  of  the  Raoway  Lighting  Attachment.  The  synchro 
roll  and  heading  data  oust  be  coadacieu  from  the  K-l  to  the  respective  control 
transformers  in  Suuoay  Light bg  Attachment. 

o*  teiejsac?..  .Signals 

Reference  signals  for  both  ae  3«d  dc  operation  will  be  conducted  to  the 
Runway  Light i;  j  Attachment. 
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Tte  preceding  sections  have  described  too  extent  we &  direction  of  the 
Right  Landing  Siulator  study  prograo  to  date.  Also  presented  are  the  results 
of  the  experimental  Jc-velGpeaeat  and  analysis,  as  *11  as  the  not  bods  and 
techniques  eop loye-J. 

Tee  study  program  uas  pursued  tdthia  the  scop*  established  by  the 
applicable  Exhibit,  CCLEQ  3-17,  and  the  scope  of  the  contract.  Results  aod 
recouneodatioes  preseated  are  based  upon  careful  application  of  accepted 
scientific  principles. 

f  t  i  f a—atal  conclusion  to  be  draea  from  this  study  is  that 
site  prese.  -otioa  methods  are  sat  suited  for  the  student-participation  type  of 
training  device.  Even  though  fairly  complex  projection  techniques  are  employed 
to  improve  the  iahereat  limitations  of  strip  film  with  regard  to  aspect  and 
perspective  id  the  image,  the  amount  of  flexibility  gained  thereby  is  not 
saffidest  to  provide  positive  training  in  the  task.  For  example,  it  is  not 
passible  to  mate  landing  procedure  turns  in  a  visual  simulation  device  using 
strip  film,  unless  the  tarn  is  programmed  into  the  initial  production  of  the 
film.  Furthermore,  it  is  not  possible  to  ornate  from  the  glide  path  by  more 
than  approximately  0°  before  serious  difficulties  axe  encountered  in  the 
quality  of  Image. 

Studies  conducted  recently  at  Aero  Bull cal  Laboratories  at  WADC  have 
siiOHa  that  the  confusioa  created  on  the  pan  of  the  student  in  trying  to  resolve 
tee  changes  in  image  due  to  changes  in  aircraft  bank,  angle  as  compared  to  changes 
due  tc  spatial  displacement  free  the  glidepatb,  is  so  severe  that  negative 
training  is  produced. 

In  the  light  of  all  these  considerations,  this  contractor  feels  that 
no  recommendation  for  use  of  fils  presentation  oat hods  can  be  made.  Instead, 
it  is  felt  that  an  alternate  netaob  soon  to  be  proposed  will  solve  this  problem 
in  the  best  interests  of  the  government. 
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